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Background: Diagnosis of attention deficit/hyperactivity disorder (ADHD) in children is not 
straightforward and misdiagnosis may occur, which leads to the possibility of errors in treat-
ment, with numerous possible side effects that could be especially damaging in view of the 
age of the population. For this reason, a tool that is easy to use, fast, and cost-effective, which 
provides an addition to conventional diagnosis and treatment monitoring of ADHD children, 
is needed. In this study, electro interstitial scans (EIS) were used to perform bioimpedance 
measurements. The results of conductivity measurements taken using forehead electrodes in a 
group of children conventionally diagnosed with ADHD and in a control group not showing 
any symptoms of ADHD were compared.
Method: Sixty children without any ADHD symptoms (group 1) and 52 children diagnosed 
with ADHD following psychiatric examination (group 2) underwent an examination with the 
EIS system. Statistical analysis was performed to compare the conductivity measurements at the 
level of the forehead electrodes, using independent t-tests and a receiver-operating characteristic 
curve (ROC) to determine the specificity and sensitivity of the test.
Results: The mean of the conductivity measurements of two pathways between the forehead 
electrodes (from left forehead to right forehead and from right forehead to left forehead) in the 
ADHD group was 33.11 micro Siemens (mS) (range 2–113 mS). This was significantly higher 
(P , 0.001) than mean of the conductivity measurements of two pathways between the forehead 
electrodes of the control group (2.75 mS, range 1.75–27.4 mS). In terms of the ROC results, 
comparing the two groups using the reference of the mean of conductivity measurements of 
the two pathways between the forehead electrodes, the test showed a specificity of 98% and 
sensitivity of 80% and P = 0.0001 (95% confidence interval) with a cutoff value at 7.4 mS.
Conclusion: The EIS marker related to the conductivity measurements of the forehead pathway 
has a high specificity and high sensitivity and use of this could provide practitioners with a 
noninvasive, low-cost system that is easy to use in the office and could offer an adjunct to the 
conventional diagnosis of ADHD children. It could also assist in treatment monitoring, and 
allow for earlier intervention.
Keywords: ADHD, children, electro interstitial scan (EIS), bioimpedance, conductivity 
measurements
Introduction
Attention deficit/hyperactivity disorder (ADHD) is a heterogeneous disorder 
  manifesting itself in various behavioral dimensions including inattention, hyperactivity, 
and impulsivity, often co-occurring with other child behavioral disorders including Psychology Research and Behavior Management 2011:4 submit your manuscript | www.dovepress.com
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comorbid oppositional defiant disorder and conduct   disorder.1 
It is likely that different neurotransmitter systems and the 
relative balance between them have varying degrees of 
influence over these behavioral dimensions.2 Variations in 
genes involved in these neurotransmitter systems are likely 
to mediate this delicate balance and have an effect on the 
function of these chemicals in the brain.2
A central premise in the catecholamine hypothesis3 
of ADHD is that dopamine dysfunction leads to clinical 
symptoms. The theory, however, overlooks the phenotypic 
complexity of the disorder and the possible interactions 
between the dopamine and serotonin (5-HT) neurotransmit-
ter systems.4–7
Diagnostic criteria for ADHD children are defined by 
the American Association of Psychiatry in the Diagnostic 
and Statistical Manual of Mental Disorders: Text Revision; 
DSM-IV-TR® (DSM-IV).8
Questionnaires are also used for parents and children to 
learn as much as possible about the situation.8
Additional procedures are also now used, including:
•	 electroencephalography
•	 axial tomography (cerebral scan)
•	 T2 relaxometry.
Diagnosis of ADHD children is not straightforward 
and misdiagnosis may occur, which leads to the possibility 
of error in treatment, with numerous possible side effects 
that could be especially damaging in view of the age of the 
population.
The last consideration arises, in part, from the clinical 
efficacy of methylphenidate medication (Ritalin®; Novartis 
International AG, Basel, Switzerland), as well as evidence 
from brain imaging studies that suggest reduced activity in 
frontal-striatal regions.9
Bioimpedance is the response of living tissue to externally 
applied electric current, and it has been shown that applying 
electric current is a safe technique when used in a number of 
biomedical applications.
One explanation as to why conductivity increases in the 
forehead pathway of ADHD children could be related to 
reduced activity in the frontal-striatal regions and altered 
cerebral blood flow as shown from brain imaging studies.9
A second explanation as to why conductivity increases 
could be related to the detection of hypoxia/ischemia, as 
suggested by Seoane et al, who used bioimpedance to detect 
hypoxia in the perinatal brain.10
The objective of this study was to compare conductivity 
measurements in the pathways between forehead electrodes 
using electro interstitial scans (EIS) in a group conventionally 
diagnosed with ADHD and a control group. The comparison 
was clinical and did not take into account comorbidity.
Materials and methods
This study was approved by the regional ethics committee, 
and adhered to the ethical principles of the Declaration of 
Helsinki. Each patient’s parent (in view of the age of the 
subjects) signed an informed consent form, and confidential-
ity was maintained for all participants.
subjects
The study included 112 children aged 3–18 years. Children 
were excluded: if their parent had a neurological disorder 
precluding the ability to sign a consent form; if, in the opin-
ion of the investigator, a child was clinically unsuitable as 
a candidate for the trial; and/or if there were any contrain-
dications to use of the EIS system. Use of the EIS system is 
contraindicated in the presence of an external defibrillator; 
skin lesions likely to come into contact with the electrodes; 
excessive perspiration; any implanted electronic device; 
inability to remain still for three minutes; metallic pins or 
prostheses in digits or joints; or absence of a limb.
Fifty-two children diagnosed with ADHD following psy-
chiatric examination and 60 children without any symptoms 
of ADHD, underwent an examination with the EIS system.
The composition of the two groups was:
•	 Group 1: 60 children assumed to be non-ADHD, showing 
no symptoms of the condition and not undergoing any 
treatment (mean age: 8.7 years; 27 females).
•	 Group 2: 52 children diagnosed with ADHD according to 
the DSM-IV and further examinations, and not undergo-
ing any treatment (mean age: 8 years; 14 females).
Materials
The Electro Interstitial Scan system (LD Technology, Miami, 
FL) is a programmable electromedical system comprising 
a universal serial bus (USB) plug and hardware including 
an interface box, disposable electrodes, reusable plates, 
and reusable cables, with software installed on a computer. 
The system uses bioimpedance in bipolar mode with direct 
current, and measures the electrical conductivity of eleven 
pathways of the body through six tactile electrodes placed 
symmetrically on the palms of the hands, soles of the feet, 
and on the forehead. Each pathway is recorded twice from 
anode to cathode and then from cathode to anode. Electrode 
polarization does not affect the bioimpedance measurement,11 
and transmission of the current from the electrode to the 
hardware is performed by chronoamperometry.12Psychology Research and Behavior Management 2011:4 submit your manuscript | www.dovepress.com
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With direct current, the plasma membrane acts as an 
insulator and the current is not able to penetrate the cell, so 
most of the current flows around the cell and, therefore, in 
the interstitial fluid.10 Analysis of the direct current at the 
cathode and anode in electrolytic solution is performed at 
both the anode and the cathode.11
The electrochemical reaction at the cathode is:
2H2O + 2e → H2(gas) + 2 OH– (base)
The electrochemical reaction for water at the anode is:
2H2O → O2 (gas) + 4H+ + 4e– (acid)
statistical analysis
Statistical analysis was performed using MedCalc® sta-
tistical software (MedCalc Software bvba, Mariakerke, 
Belgium).13
Statistical analysis was conducted between the two groups 
using independent sample t-tests and receiver-operating 
characteristic curves (ROCs) to determine the specificity 
and sensitivity of detection of ADHD children with the EIS 
data. Independent sample t-tests and ROCs were constructed 
for the conductivity measurements of the pathway of the 
forehead electrodes for Groups 1 and 2.
Determination of the sample size
According to the previous studies related to the EIS 
system14,15 the number of patients needed for the study was 
calculated to be 100 on the basis of α = 5%, at 80% power, 
taking into account the judgment criteria ∆ at approximately 
100 (5% error). A P value of ,0.05 was accepted as being 
statistically significant.
Results
To determine the differences between ADHD and the con-
trol group in the conductivity values of the pathway of the 
forehead electrodes, comparison of the means via indepen-
dent sample t-test was conducted. Table 1 presents the t-test 
results for conductivity scores in the ADHD group and the 
control group. It shows the number of measurements per 
group used in the analysis, the means, the standard devia-
tion, degrees of freedom, t value and the significance of the 
test (P value). The findings in Table 1 indicate that the mean 
of the conductivity measurements of two pathways between 
the forehead electrodes (from left forehead to right forehead 
and from right forehead to left forehead) in the ADHD 
group was 33.11 micro Siemens (mS) (range 2–113 mS). 
This was significantly higher (P , 0.001) than mean of the 
conductivity measurements of two pathways between the 
forehead electrodes of the control group (2.75 mS, range 
1.75–27.4 mS).
In terms of the ROC results, comparing the two groups 
using the reference of the mean of conductivity measure-
ments of two pathways between the forehead electrodes, the 
test showed a specificity of 98% and sensitivity of 80% and 
P = 0.0001 (95% confidence interval) with a cutoff value at 
7.4 mS (Figure 1).
Discussion
ADHD is a complex and heterogeneous disorder that is 
characterized not only by cognitive deficits but also by 
affective dysfunctions, both motivational and emotional.16,17 
Nevertheless, the neural bases of affective dysfunctions have 
barely been explored in relation to this disorder, in contrast 
to extensive research that has examined the neural correlates 
of its main cognitive deficits (attention, response inhibition, 
and working memory). The diagnostic criteria to classify 
children and adolescents as having ADHD are the classic 
symptoms listed in the DSM-IV .8 However, today these 
criteria are challenged due to the many errors of diagnosis 
and new forms of diagnosis are being considered.18 For this 
reason, a tool that is easy to use, fast, and cost-effective and 
that could provide a new marker is warranted as an adjunct 
to the conventional diagnosis and treatment monitoring of 
ADHD children. It is well-known that a child with ADHD 
who benefits from treatment and adequate supervision can 
blossom and follow a normal path in school.
US researchers have published a study9 on children suf-
fering from ADHD, using functional magnetic resonance. 
T2 relaxometry shows anomalies at the level of the putamen, 
the cerebral structure implicated in the regulation of motor 
behavior.18,19
Currently, studies are looking at the role of genes in the 
hyperkinetic syndrome. Researchers are primarily studying 
the relation that may exist between genetic deficits, attention 
problems, and hyperactivity. There may be a genetic predis-
position to this hyperactive syndrome.20–23
However, these techniques using magnetic resonance and 
genetic tests are expensive, require qualified personnel to 
Table  1  independent  sample  T-test  for  forehead  pathways 
between ADhD and control groups
N Mean SD DF T P-value
ADhD 104 33.11 3.8 224 2.48 0.000
Control 120 2.75 2
Abbreviations: ADHD, attention deficit/hyperactivity disorder; SD, standard deviation; 
DF, degrees of freedom.Psychology Research and Behavior Management 2011:4 submit your manuscript | www.dovepress.com
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perform, and cannot be used on a large scale or in   treatment 
follow-ups.
Heart-rate variability and galvanic skin response devices 
have also been tested as methods of detecting ADHD in 
children,25–28 but they do not provide adequate specificity, 
sensitivity, or cutoff.
Conclusion
The EIS marker related to the conductivity measurement of the 
forehead pathway has a high specificity and high sensitivity 
and use of this could provide practitioners with a noninvasive, 
low-cost, and easy-to-use system, which could offer an adjunct 
to the conventional diagnosis of ADHD in children, be used in 
treatment monitoring, and could allow for earlier intervention. 
Longitudinal studies are under way to confirm these findings.
The object of this study was to identify a measurable marker 
to assist in the conventional diagnosis of ADHD in children. 
Diagnosis of ADHD in children cannot be made solely with this 
marker. The marker may be useful for the diagnosis of ADHD, 
but additional validation using greater numbers of affected and 
control subjects is needed to confirm its usefulness.
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